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I. INTRODUCTION
Tremor is defined as an involuntary, rhythmic, and sinusoidal movement of one or more body parts [1] . Besides that, tremor is also defined as rhythmic oscillations of a part of the body around one or more joint [2] .
A valuable approach to understand and describe tremors is to characterize them according to their following types. Rest tremor can be identified from other types of tremor based on its event when the body part that experience tremor effect is completely supported against gravity without any voluntary muscle contraction. However, for action tremor, it occurs together with voluntary muscle contraction. Action tremor can be divided into postural or sustention tremor that occurs while maintaining a posture against gravity. Besides that, there is also other type of tremors which is kinetic tremor that occurs during active movement. Kinetic tremor can include the task-specific tremor and tremor which is specific to goal-directed movements that are known to be as intention tremor. This kind of tremor also can be related with situations where there is active muscle contraction against a fixed object which been called as isometric tremor.
Although tremor encountered in clinical practice is usually not voluntary, the patient may present with psychogenic tremors separately or in combination with other neurologic complaints coming from psychogenic, such as in Parkinson psychogenic [3] .
Parkinson's disease (PD) is a multi-symptomatic syndrome as almost all patients will experience tremor at a given time during the disease process [4] [5] [6] . The clinical sign of PD can be vary in which a few patients will show tremor at the onset of disease which might in the end disappeared whereas others will be plugged with tremor which can increase the amplitude as the disease progress years after years [7] .
Even though various types of tremor may be seen with PD, around 50% of patients have resting tremor. Thus, resting tremor is for the most part viewed as a characteristic for PD [8] [9] . For more specific explanation, the tremor which been experienced by patients with PD will usually be happened when the limb is at rest, when the hand or arm is supported, or dangling freely without muscle contraction in order to counteract gravity [4, [10] [11] . This type of tremor tends to disappear at rest upon movement initiation, however it may reemerge once again as the patient has already reached the endpoint of his or her movement [12] [13] .
It is very important to overcome this type of tremor as it can affect the daily life. Besides that, it can also make the patient to experience embarrassment to face other people and more preferably to stay at home rather than outside [14] . One of the solutions that can be proposed which might solve this problem is by the use of biodynamic hand model. The accessible pharmaceutical treatment may diminish the tremor progress. However, most treatment methods have their own shortcomings, for instance drug treatment may bring negative long effect while surgical treatment gives a high risk in light of the fact that it includes the operation on the cerebrum. Hence, the thought of utilizing mechanical based non-obtrusive treatment may be a conceivable approach to counter the impact of tremor.
In this simulation study, actuator of the linear voice coil type were used as for active tremor control in overcomes the hand tremor. The performance of fuzzy logic integrated with PID controller in controlling the actuator to insulate hand tremor is investigated. The fuzzy logic method was selected as a controller because of its capabilities in designing robust controllers which are able to give a satisfactory performance when facing with the uncertainty and imprecision attributed to the real world like noise, vibration and other variation of system parameters [15] . Hence, a four degree-of-freedoms (4-DOFs) of mathematical model system has been introduced in order to represent the biodynamic response of the palm of the PD patient hand.
II. BIODYNAMIC HAND MODEL ON TREMOR
In order to observe the relationship between force and motion of human tremor, the biodynamic response of human hand is used. Hence, the mechanical model that is the combination of mass-spring-damper system is implemented for this research in order to represent model of human hand tremor that specifically at the palm.
The basic equation of motion of the 4-DOFs at the palm of human hand can be expressed as shown below:
where m, c and k represent mass, damping and stiffness element respectively. Human hand tremor presents due to the human brain damage which disturbs the motor function (muscle) without any external force has been applied at the hand. Thus, in the simulation of 4-DOFs model, the source of force needs to be placed at the muscle (at m 4 ). This source of force can be called as 'internal force' which is used to create the vibration. The applied force at the palm can be seen as shown in the Figure 1 . Table I tabulates the parameter of skin anatomy of a human hand used to generate the biodynamic hand model. III. ACTIVE TREMOR CONTROL Two types of controller are employed in this work which are conventional PID and Fuzzy-PID controllers. The proposed control scheme is shown in Figure 2 . 
A. Conventional PID controller
The complete Simulink block diagram of 4-DOFs system as in Figure 7 is run for 10 seconds simulation time. After 10 seconds, the signal from the scope was observed. The signal from the scope shows new displacement output which been controlled. From this signal, it could show whether the system has reduced the tremor or no changed to the initial tremor displacement of ±10mm. The acceleration signal also was observed and then used in order to get the frequency of the new controlled tremor signal that had been attenuated. In order to find the value of K p , K i and K d parameters, the Ziegler-Nichols tuning method is used. Firstly, the gains of the system (K p gain) set to zero. Then, the K p gain was been increased until it reached the ultimate gain (K u ) in which the output of the loop from signal scope starts to oscillate at constant amplitude. Finally, the oscillation period, P u was been used (peak-to-peak) to set the gains as shown below in Table  II:   TABLE II 
B. Fuzzy-PID Controller
Fuzzy Logic Controllers (FLCs) have been recognized as being a capable methodology for designing robust controllers which been able to provide a satisfactory performance when dealing with the uncertainty and imprecision attributed to the real world [15] . Thus, FLCs are able to show robustness with regard to noise and variation of system parameters in complex highly linear and non-linear problem domains such as biodynamic hand model control system [17] [18] .
The Fuzzy Logic controller had two inputs in the system which consists of error and change of error and also had one output which represents the actual error from the system after undergo fuzzy logic system. Error is defined as the difference between the outputs of the controller and the reference value or set point. Meanwhile for change of error is defined as the difference between errors at time t and (t-1) [19] . The method of fuzzy logic that been used for this system was Mamdani method. Defuzzification that will be used for this fuzzy logic controller was the centroid.
Based on Figure 4 , the 'AND' method was set at min, 'OR' method was set as max, 'Implication' was set at min, 'Aggregation' was set at max and defuzzification was set to be centroid. All of these parameters were set based on previous study. Two inputs that had implemented in the fuzzy logic toolbox had seven membership functions each with linguistic variable name such as Negative Big (NL), Negative Medium (NM), Negative Small (NM), Zero Error (Z), Positive Small (PS), Positive Medium (PM) and Positive Big (PL). For the output of the fuzzy logic controller, it had the same membership functions as fuzzy logic controller inputs. Figure 5-7 shown the two inputs and the output of the fuzzy logic controller. The membership functions of each inputs and output could be made by clicking first the inputs or output box. Another new fuzzy logic toolbox window would appear and from there the membership functions could be set together with the parameter values and the type of membership functions. The type of membership function and parameters could be set based on trial and error method until a satisfactory result could be obtained after the fuzzy logic controller runs in the 4-DOFs system modeling. If the system shows unsatisfactory result, the parameters and type of membership functions could be changed continuously until the system produced desirable output result. Figure 8 , the signal scope shows that the signal response of the system managed to oscillate at constant amplitude when the gain was set at 58.35. Thus, gain until system oscillate at constant amplitude, K u = 58.35. Oscillation Period, P u is equal to (9.634-3.130)/13 = 0.5. The value of K u and P u were substituted into the formula from the Table II . As a results, the PID controller parameters were found as follows: Figure 9 consists of three different set of data that represents the actual tremor displacement from Parkinson Disease (PD) patient, the tremor displacement after using PID controller and the tremor displacement after using Fuzzy-PID controller. From the graph also, it could be observed that 4-DOFs Simulink system modeling that used Fuzzy-PID controller managed to reduce the actual tremor displacement more than conventional PID controller. By using Fuzzy-PID controller, the new tremor displacement of the system was averaging at ±2.00mm with its maximum amplitude at 2.913mm compared to conventional PID controller that averaging at ±2.25mm with its maximum amplitude at 3.135mm. The percentage of tremor reducing for Fuzzy-PID controller compared with actual tremor displacement was at 80% whereas for conventional PID controller, the percentage of tremor reducing was at 77.5%.
The Root Mean Square (RMS) value for tremor displacement of 4-DOFs system modeling that used conventional PID controller was 1.2066 mm. While, the RMS value of tremor displacement of 4-DOFs system modeling when using Fuzzy-PID controller was 1.1873 mm. The result showed that the RMS value using conventional PID controller was much more higher compared to with the one using Fuzzy-PID controller. The lower the value of RMS value represents the better the effect of the controller to the tremor reduction of 4-DOFs system modeling. Thus, this result shows that when using Fuzzy-PID controller, the tremor displacement was been reduced much more higher than using conventional PID controller. Figure 10 plots the graph of power spectrum density (PSD) against frequency. PSD tremor displacement graphs shows the amplitude or maximum extent of an oscillation and frequency of the human hand displacement tremor frequency for the 4-DOFs hand system. It seen that the maximum amplitude of the actual hand tremor displacement frequency was at 0.05382 ((m/s2)2/Hz) with its frequency at 8.545 Hz. With the conventional PID controller, the PSD vibration peak of 0.001809 ((m/s2)2/Hz) was achieved. On the other hand, the proposed Fuzzy-PID controller managed to reduce the human hand tremor amplitude of PSD to 0.001737 ((m/s2)2/Hz). Thus, it shown that the Fuzzy-PID controller able to decreased about 0.052083((m/s2)2/Hz) with reducing percentage of 96.77% of PSD of actual tremor displacement. Whereas, for conventional PID controller, the PSD amplitude of human hand tremor frequency reduces for about 0.052011((m/s2)2/Hz) with reducing percentage of 89.37%. Hence, it proved that PID integrated with Fuzzy Logic controller could gave significant effect to the tremor reduction from actual tremor in terms of its displacement and PSD peak amplitude. V. CONCLUSION
In conclusion, the active tremor control of 4-DOFs Parkinson's hand-like system has been performed. The simulation results shows that Fuzzy Logic integrated with PID controller can produced a better control performance in comparison to conventional PID controller. In term of amplitude reduction, the proposed Fuzzy-PID controller possess capability to attenuate about 96.77% of the initial tremor compared to conventional PID controller tuned by Ziegler-Nichols method which is around 80.37%. In the future, an optimization algorithm will be employed to find optimal parameters for Fuzzy-PID controller instead of using heuristic method.
